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Abstract. The aim of this work was to evaluate the volatile fraction profile of acacia raw 
honey from different countries: Romanian, Spain, and Czech Republic. A melissopalynological 
analysis was conducted on all the batches in order to verify them as belonging to this type of honey.  
A number of 35 volatile compounds, more specifically: 2 acids, 10 alcohols, 7 aldehydes, 3 
ketonas, 2 esters, 5 hydrocarbons, 4 terpenes, 1 furanes and 1 sulfur compound were identified by 
Purge and Trap-Thermal Desorption-GC/MS. The overall volatile profile of this honey allowed its 
classification by geographical origin. The promising results proved its usefulness for the 
differentiation of honey according to their origin. However further research on a higher number of 
samples is required in order to confirm this expectation.  
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INTRODUCTION 
 
Aroma profile is one of the most typical features of a food product, for both 
organoleptic quality and authenticity (Virgili et al., 1994). Volatile substances are the main 
factors responsible for aroma. This, together with some factors such as taste and physical 
aspects contribute to the consumer’s acceptance. Owing to the high number of volatile 
components, the aroma profile represents a “fingerprint” of the product, which could be used 
to determine the origin. It has already been pointed out that a careful analysis of the volatiles 
in the honey could be a useful tool for characterization of its botanical origin (Overton et al., 
1994). While reporting the role of volatiles compounds in assessing honey´s floral origin, 
some authors actually suggest certain specific compounds as being characteristic for the 
honeys from a specific floral source (Bonaga et al., 1986). Honey aroma depends on 
environmental factors, beekeeping practice, processing and storage conditions, as well as on 
the composition of nectar.  
Acacia honey is a delicacy enjoyed by many people around the world. People love the 
mild taste which offers hints of flowers and the soft texture, its flavor is usually very light and 
can be either floral or vanilla. Acacia honey does not crystallize easily because it has a high 
concentration of fructose. This allows it to stay in a liquid form much longer than other kinds 
of honey, which have a tendency to harden after a while. 
The large numbers of studies published in the past three decades on the volatile profile 
of honeys with different botanical and geographical origins illustrated the importance of 
determining honey´s aroma and flavor. 
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The main objective of this paper is on one hand to characterize the volatile profile of 
the acacia honey from different countries: Romanian, Spain, and Czech Republic, and on the 
other hand to evaluate if this profile is useful to differentiate this type of honey attending to its 
geographical origin. 
 
MATERIALS AND METHODS 
 
Honey Sample 
Fifteen raw acacia (Robinia pseudoacacia) honey batches (five from Spain, five from 
Romania, and five from Czech Republic) were used in this study. To ensure their freshness, 
they were obtained directly from local beekeepers.  
The botanical origin of the samples was ascertained by melissopalynological analysis. 
All samples were collected in 2009. 
 
Volatile compound analysis 
Purge and trap thermal desorption was used to extract the volatile compounds 
(Escriche et al, 2009). Samples of each variety of honey (20 g) were spiked with 200 µL 2-
pentanol (10 µg/mL) as an internal standard, placed in a purging vessel flask and left in a 
water bath at 45ºC for 20 minutes. Purified nitrogen (100 mL min-1) was forced through a 
porous frit placed at the bottom of the vessel. The stream of bubbles produced passed through 
the sample and collected the volatile compounds, which were trapped in a 100 mg porous 
polymer (TenaxTA, 20-35 mesh) packed into a glass tube placed at the end of the system. The 
volatile compounds were thermally desorbed using a direct thermal desorber (TurboMatrix 
TD, Perkin ElmerTM, CT-USA). Desorption was performed under a 10 mL min-1 helium 
flow at 220ºC for 10 minutes. The volatiles were then cryofocused in a cold trap at -30ºC and 
transferred directly onto the head of the capillary column by heating the cold trap to 250ºC (at 
a rate of 99ºC/s).  
Finnigan TRACETM MS (TermoQuest, Austin, USA) was used to carry out the GC-
MS analyses. Volatile compounds were separated using a DB-WAX capillary column (SGE, 
Australia) (60 m length, 0.32 mm i.d., 1.0 µm film thickness). Helium at a constant flow rate 
of 1 mL min-1 was used as a carrier gas. The temperature was programmed to increase from 
40ºC (2-minute hold time) to 190ºC at 4ºC min-1 (11-minute hold time) and finally to 220ºC at 
8 ºC min-1 (8-minute hold time). The MS interface and source temperatures were 250ºC and 
200ºC, respectively. Electron impact mass spectra were recorded in impact ionization mode at 
70 eV and with a mass range of m/z 33-433. A total of 3 extracts were obtained for each 
sample. 
The identification of the volatile compounds was achieved by comparing their mass 
spectra with those stored in the National Institute of Standards and Technology (NIST) (USA 
Government library).  
Identifications were also confirmed by comparing both retentions times and mass 
spectra with those of authentic substances used as reference. The relative retention indices 
have been defined by Kovats (1958) in isothermic and isobaric chromatographic conditions. 
This formula facilitates the calculation of relative retentions indices generally, but improperly, 
called Kovats Indice (KI)(Kondjoyan & Berdague,1996). 
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Where:  
RI (i) is the relative index of compound i 
Z = number of carbon atoms in alkane z 
R (i) = retention time of compound i 
R (z) = retention time of alkane z 
R (z+1) = retention time of alkane z+1 
 
In addition, Kovats retention indices (KI) were calculated for the GC peaks, 
corresponding to identify substance by interpolation of the retention time of normal alkane 
(C8 –C20 by Fluka Buchs,Schwiez, Switzerland) analysed under the same chromatographic 
condition. Calculated KI were compared with those reported in the literature for the same 
stationary phase (Careri, Mangia, Barbieri, 1993). 
 
Statistical analysis 
The data of physicochemical values were analysed by analysis of variance (ANOVA) 
(significance level α = 0.05) and by least significant difference (LSD) test using Statgraphics 
Plus 5.1.  
Principal component analysis was performed (Unscrambler version 9.7; CAMO 
Process AS, Oslo, Norway) on the means of the physicochemical parameters and the different 
types of honey. 
 
RESULTS AND DISCUSSION 
 
In the volatile fraction of acacia honey 35 compounds were identified: 2 acids, 10 
alcohols, 7 aldehydes, 3 ketonas, 2 esters, 5 hydrocarbons, 4 terpenes, 1 furanes and 1 sulfur 
compound (Tab. 1). This table shows the retention time (RT) and the Retention Index (KI) 
calculated as explained before. 
Certain identified compounds such as ethyl acetate, furfural and decanal are 
particularly abundant in some samples, however, among all the identified compounds it is 
important to emphasize that cis linaool oxide, is especially significant in acacia honey. The 
presence of cis linalool oxide in this type of honey can be described like a marker compounds 
for this type of honey. Radovic et al., (2001) analyzed different types of honey from different 
geographical origin confirming this fact.  
In order to know if the observed differences among the different countries 
(geographical origin) for the each compound are statistically significant, an analysis of 
variance (ANOVA) with one factor (origin) was carried out (Tab. 1). It is known that if p-
value from the ANOVA analysis is equal or superior to 0.05 there are not significant 
differences among countries.  
Taking this into account differences for the following 19 compounds occur: 2 methyl 
propanoic acid, 2 butanol, 2 methyl propanol, 1 pentanol, 2 penten-1-ol, 3 methyl 3 buten-1-
ol, 3 methyl 2 buten-1-ol, 3 hexen-1-ol, 2 methyl 2 butenal, nonanal, benzaldehyde, acetone, 
3hydroxy 2 butanone, ethyl acetate, acetic acid buthyl ester, octane, n decane, p-xylene, β 
linalool.  
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Tab. 1 
Volatile compounds identified in acacia honey from Spain (Sp), Czech Republic (CzR) and Romania (Ro). 
Retention times (RT), retention indices calculated (KI) and relative areas with respect to the internal standard (2-
pentanol). ANOVA results for all the identified compounds. 
 
Mean relative area from three analyses. Numbers in parentheses represent standard deviation. 
ns: Non significant; *P<0.05; **P<0.01; ***P<0.001 
COMPOUND RT KI 
RELATIVE AREA ANOVA 
F-ratio CzR Ro Sp 
Acids       
Acetic acid 25.6 1567 0.03(±0.04) 0.00(±0.00) 0.01(±0.02) 2.55ns 
2 methyl propanoic acid 30.1 1697 0.01(±0.01) 0.02(±0.01) 0.06(±0.02) 16.05*** 
Alcohols       
2-methyl-2-propanol 6.5 920 0.05(±0.02) 0.09(±0.08) 0.05(±0.02) 1.14ns 
2 propanol 7.2 947 0.02(±0.01) 0.11(±0.13) 0.03(±0.01) 3ns 
2-butanol 10.1 1047 0.05(±0.13) 0.03(±0.02) 0.20(±0.14) 3.80* 
2-methyl-3-buten-2-ol 10.6 1063 0.16(±0.06) 0.14(±0.16) 0.11(±0.05) 0.51ns 
2-methylpropanol 12.6 1119 0.10(±0.02) 0.04(±0.05) 0.03(±0.02) 10.80*** 
1-pentanol 16.8 1231 0.08(±0.02) 0.04(±0.03) 0.10(±0.03) 3.92* 
2 penten 1-ol 18.3 1268 0.05(±0.04) 0.17(±0.10) 0.02(±0.03) 11.88*** 
3-methyl-3-buten-1-ol 18.6 1277 0.16(±0.04) 0.09(±0.08) 0.19(±0.03) 4.91** 
3-methyl-2-buten-1-ol 21.3 1448 0.13(±0.05) 0.04(±0.03) 0.14(±0.03) 9.23*** 
3-hexen-1-ol 23.6 1511 0.01(±0.02) 0.02±0.01) 0.01(±0.007) 4.03* 
Aldehydes       
2 pentanal 6.9 937 0.02(±0.01) 0.04(±0.02) 0.03(±0.01) 2.44ns 
2 methyl 2 butenal 12.9 1129 0.02(±0.01) 0.01(±0.004) 0.06(±0.03) 9.06** 
3 methyl 2 butenal 17.0 1236 0.01(±0.06) 0.11(±0.14) 0.07(±0.02) 0.93ns 
Octanal 20.1 1417 0.008(±0.010) 0.01(±0.005) 0.01(±0.005) 2.84ns 
Nonanal 24.1 1523 0.04(±0.01) 0.07(±0.03) 0.07(±0.01) 4.08* 
Benzaldehyde 29.4 1675 0.20(±0.05) 0.34(±0.10) 0.13(±0.06) 11.54*** 
Decanal 27.8 1606 0.02(±0.006) 0.03(±0.01) 0.01(±0.005) 3.32ns 
Ketonas       
Acetone 4.8 836 0.09(±0.01) 0.20(±0.11) 0.45(±0.27) 10.68*** 
3 hydroxy 2 butanone 20.4 1425 0.01(±0.007) 0.01(±0.01) 0.06(±0.03) 15.81*** 
6 methyl 5 hepten-2-one 22.1 1469 0.01(±0.01) 0.07(±0.04) 0.01(±0.03) 0.09ns 
Esters       
Ethyl acetate 6.2 909 0.01(±0.006) 1.21(±1.60) 0.01(±0.006) 4.61* 
Acetic acid buthylester 11.8 1098 0.11(±0.05) 0.03(±0.04) 0.05(±0.02) 7.99** 
Hydrocarbons       
Octane 4.2 802 0.03(±0.01) 0.03(±0.02) 0.07(±0.04) 6.75** 
Nonane 5.9 902 0.010(±0.005) 0.01(±0.01) 0.01(±0.003) 2.51ns 
n-decane 8.7 1004 0.10(±0.03) 0.14(±0.05) 0.17(±0.05) 3.66* 
Toluene 10.8 1069 0.08(±0.02) 0.05(±0.03) 0.07(±0.02) 1.97ns 
P xylene 14.3 1164 0.01(±0.01) 0.01(±0.02) 0.03(±0.04) 4.06* 
Terpenes       
D limonene 16.5 1223 0.04(±0.04) 0.12(±0.07) 0.08(±0.07) 3.12ns 
β linalool 29.2 1670 0.04(±0.01) 0.08(±0.01) 0.06(±0.03) 4.11* 
Hotrienol 
(3,7-dimethyl-1,5,7 octatrien-3-ol) 31.4 1737 0.07(±0.02) 0.20(±0.24) 0.71(±0.70) 3.06ns 
Cis linalool oxide 25.9 1576 0.08(±0.04) 0.22(±0.24) 0.06(±0.05) 2.62ns 
Furanes       
Furfural 27.02 1606 0.18(±0.06) 0.53(±0.60) 0.32(±0.06) 2.26ns 
Sulfur compound       
Dimethyl sulfide 3.9 <800 0.16(±0.06) 0.10(±0.09) 0.09(±0.06) 1.85ns 
263 
Once the individual behavior of each compound was studied, a PCA was used to 
assess the overall effect of the different origin on the volatiles fraction. Fig. 1 shows the PCA 
results (A: scores of the samples and B: loading) for the complete volatiles compounds 
identified in acacia honey. It was found that two of the principal components accounted for 
52% of the variations in the data set. Specifically, 32% of the variability was explained by 
PC1 and 19% by the PC2.  
The proximity of the samples on the score plot indicates similar behavior in terms of 
aromatic profiles and the proximity of compounds on the loading plot indicated that the 
changes in concentration were correlated (similar change pattern). There are three clearly 
differentiated groups of samples on the plot: two on the right side corresponding to the acacia 
honey from Check Republic and Spain, and one on the left for the acacia honey from 
Romania. The first principal component differentiates between honey from Check Republic 
and Spain, to honey from Romania. 
The loadings of each compound on the principal components shows that the grouping 
of the different countries is primarily influenced by certain compounds.  
Compounds like ethyl acetate and 2 propanol in the honey from Romania; 2 
methylpropanol and Acetic acid buthylester in honey from Check Republic, and 2 methyl 
propanoic acid and 2 methyl 2 butenal in the Spanish acacia honey, among others compounds 
are largely responsible of the difference between the countries.  
 
 
 
A 
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Fig.1. Principal component analysis of volatiles compounds (A). Plot of the two principal component scores. 
Plot of the two principal component loadings (B). 
 
 
CONCLUSIONS 
 
The volatile fraction analyzed in acacia honey from different countries (Spain, 
Romania, and Czech Republic) indicates that there is evidence that the geographical origin 
has a remarkable influence on the volatile compounds in such a way that they could play a 
major role in the differentiation of the honey by country. Although the results are promising, 
however, further research on a higher number of samples and types of honeys is mandatory to 
confirm this expectation.  
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